Nitrogen dioxide (NO2) and nitric acid (HNO3) distributions were derived with a two-dimensional time-dependent model using N20, CH,,, and temperature measurements from the stratospheric and mesospheric sounder ( 
INTRODUCTION
Odd nitrogen (N, NO, NO2, NO3, N205, HNO3, HO2NO2, and C1ONO2) in the middle atmosphere is quite important not only because of its influence on ozone, accounting for 50-80% of the total loss of ozone in the middle to lower stratosphere -1, but also because of its influence on the HO,, and CI,, cycles (see, for example, Nicolet [1975a] ). It has generally been assumed that nitrous oxide (N20) emitted at the ground is the predominant source of stratospheric odd nitrogen. Simultaneous global satellite measurements of 0 3, NO2, HNO3, H20, and temperature (by the limb infrared monitor of the stratosphere (LIMS) instrument on Nimbus 7), N20 , CH4, and temperature (by the stratospheric and mesospheric sounder (SAMS) instrument on Nimbus 7), and 0 3 (by the solar backscatter ultraviolet (SBUV) instrument on Nimbus 7) allow us the opportunity for the first time to test our global understanding of odd nitrogen chemistry and transport. In particular, we can determine whether the odd nitrogen levels implied by the SAMS data are consistent with the odd nitrogen amounts measured by LIMS.
We use the SAMS N20 measurements together with a twodimensional model to compute NO 2 and HNO 3 which can then be compared with LIMS NO 2 and HNO 3 (the LIMS HNO 3 data being modified by the scheme given by Jackman et al. [1985] ). The N20 molecule is probably the major precursor for odd nitrogen in the stratosphere [Crutzen, 1970; Nicolet, 1971 nitrogen to the stratosphere [see Jackman et al., 1980] . As part of this study we have investigated the premise that N20 is the major source of odd nitrogen in the stratosphere using a time-dependent two-dimensional model with N20 and other significant gases constrained to satellite data. Our premise of N20 being the major source of odd nitrogen in the stratosphere is not universally accepted. Several years ago, Tuck [1976] indicated that lightning might be a large source as well. We discuss the impact of other nitrogen sources, such as lightning, on the stratospheric odd nitrogen distribution later in this paper.
Two-DIMENSIONAL BACKGROUND ATMOSPHERE
We have used the two-dimensional model of Guthrie et al.
[1984a], modified somewhat for this study. This model ex- Since we use the model for time-dependent computations, it is necessary to find values for the nine fixed species at all levels in our model. Satellite measurements of species 0 3, H20 , CH4, and N20 are not available at all levels in our model. Some extrapolation is required to obtain concentrations for these species at other levels in the model, and we use some earlier two-dimensional results to complete the distributions of these species. The 0 3 was taken from the SBUV data of Nimbus 7. We use the data given by McPeters et al. [1984] as our basis. The SBUV 0 3 is the most complete set of 0 3 measurements, extending from about 500 to 0.17 mbar and over the entire year (the LIMS 0 3 extends only from 100 to 0.1 mbar and exists for only seven months). We assume that below 500 mbar the 0 3 mixing ratios are fixed to the SBUV 0 3 mixing ratio data at 500 mbar. At latitudes during polar night we assume the 0 3 is fixed to the SBUV 0 3 data at the highest latitude for which there are data. The 0 3 density and the calculated local ultraviolet flux should be good approximations to those of the real atmosphere. Ozone has a large effe•ct on odd nitrogen species' (1) 0 3 has a profound influence on the NO/NO 2 balance and (2) 0 3 and HNO 3 absorb in overlapping wavelength regions Figure 1 of Jackman et al. [1986] . The major species N 2 (78% of the atmosphere), 0 2 (21% of the atmosphere), and CO 2 (0.033% of the atmosphere) were computed using the temperature field from National Meteorological Center (NMC) and CIRA data and solving the hydrostatic equation. SAMS temperature data (discussed by Rodgers et al. [1984] ), where available, were used for computation of the temperature-dependent reaction rates. Where SAMS temperature data were not available, the NMC and CIRA temperature data were used. Table 1 . We ran the model for a simulated time of three years at which time a repeating pattern was observed in the NO 2 HNO 3 distributions. The distributions of NO2 and HNO 3 were then compared to LIMS data for the months of March and December. LIMS NO2 and HNO 3 were discussed extensively in the validation papers by Russell et al. [1984b] and Gille et al. [1984] , respectively. We discuss the uncertainties in our calculation and sensitivity studies to help in understanding the computations in the following sections.
We have compared our odd nitrogen (also referred to as NO•, in this paper) production rates with those of Crutzen and Schmailzl [1983] The N20 values used by Jackman et al. [1980] in the middle stratosphere are about a factor of 1.7 larger than those used in this paper, a factor which is approximately equal to the ratio of the NO,, production from Jackman et al. [1980] and the NO,, production rate computed in this work.
We can calculate either the daytime or nighttime concentrations of NO 2 and HNO 3 from our diurnal average concentrations. The method of Turco and Whitten [1978] was used in deriving the diurnal average concentrations. We invert the diurnal average computation and use the night to day Three possible explanations for the LIMS southern hemisphere bias were given by Callis et al. [1986] . The first is that the satellite observing time for measuring NO 2 biases it toward larger values in the southern hemisphere than the northern hemisphere. The second contribution to the asymmetry might be the cooler temperatures at latitudes poleward of 30 ø in the northern hemisphere when compared with the southern hemisphere, at least for March. The third possibility was that the N20 shows a similar bias which would therefore be reflected in the NO 2 measurements. Callis et al. [1986] 
RATIO FOR NO 2 + HNO 3 (MODEL/LIMS)
DECEMBER 1000 , , The measurements and computations of NO 2 are within their uncertainties of being in agreement in the upper stratosphere northern latitudes in December. However, there is an area of disagreement in the upper stratosphere at high latitudes (see Figure 4) . We believe that this indicates that our understanding of the NO• dynamics and/or photochemistry in this region is not complete. We discuss this subject more completely in the next section.
Computing the uncertainties in the calculation of NO 2 for areas lower in the stratosphere where dynamics is more dominant is extremely difficult. We did undertake a sensitivity study to determine the effect of a slightly different dynamics on our computed NO2, which is discussed in the next section.
Before discussing several sensitivity studies we compute the uncertainty in the HNO3, using an analysis similar to that used for NO 2. The uncertainty was found to be between a factor of 2.5 and 3 in the photochemical region in the upper Dynamics is certainly important in the distribution of HNO 3 at pressures greater than about 5 mbar (especially at the higher latitudes). As we noted earlier when discussing uncertainties in the calculation of NO2, it is quite difficult to compute uncertainties in the computation which includes dynamics. We do, however, discuss the problems noted between HNO 3 measurements and computations in the next section and offer a partial solution to the differences between the two.
SENSITIVITY STUDIES
We next discuss several sensitivity studies which indicate how robust our findings on NO 2 and HNO 3 are for the middle to lower stratospheric region. Because of the relatively large number of these studies, we have summarized our findings in Table 3 . We are using a dynamics which is dominated by the diabatic circulation, as explained by Guthrie [1984a] and find essentially the same results: (1) Calculated NO 2 is lower than the LIMS NO 2 in much of the lower stratosphere by about a factor of 4 or more; and (2) the derived HNO 3 at polar latitudes is highest in the summer while LIMS HNO 3 is highest in the winter.
We do find some differences, however, in using the weaker circulation. We find that the NO•, is not transported as effectively from its source region in the middle stratosphere to the higher altitudes, We have done a sensitivity study which contained only photochemistry (i.e., the model was run with no transport). The results of this study are shown in Figure 11 where the ratio of the model nighttime NO 2 + HNO 3 to the LIMS nighttime NO 2 + HNO 3 is plotted. In this model computation the model nighttime NO 2 + HNO 3 was over a factor of 2 larger than the LIMS NO 2 + HNO 3 in the middle stratosphere at low latitudes but was a factor of 2 less than the LIMS NO 2 + HNO 3 in most of the lower stratosphere and in the upper stratosphere. This argues for a circulation that moves the NO•, away from the source region, either upward or downward.
We also have done a study similar to that described by Guthrie et al. [1984a] We also find essentially the same results when we use an atmosphere in our model which has only 2 ppbv of CI,, in the upper stratosphere as for one which has 3 ppbv of C1 x. This means that other parameters are more important for the computation of NO: and HNO 3 than is the distribution and abundance of CI,,.
We have included a NOx source from galactic cosmic rays (GCRs) using the ion pair production rate as given by Nicolet [1975b] between 30øN and 30øS to derive a NO x that is similar to LIMS measurements in the lower stratosphere. This NOx source from lightning is about a factor of 3 larger than that computed by Tuck [1976] and about 55% larger than that recommened by Logan [1983] . We want to emphasize that we are not precluding other sources besides lightning as possible candidates for the lower stratosphere NO x source. Lightning is only discussed here as a proxy which would include any possible source of NO x in the troposphere that could be transported to the stratosphere.
The computed HNO 3 in the polar latitudes is larger in the summer than in the winter, which is just opposite to the obser- In order for the reaction N20•+H20 to proceed with enough speed to have an impact, the time constant for the reaction must be less than months, probably of the order of a month to several days. Thus the reaction rate k37 should be 2 x l0 -•9 cm 3 s -• or slightly smaller. From our computations we find that there are still a few ppbv of NO x tied up in the form of N20 5 at the very highest latitudes in winter even when using this faster reaction rate. This indicates that the differences observed in the NO 2 measurements of SME [Mount et al., 1984 • where more NO 2 is observed on the cast (downstream) side of wave troughs than on the west (upstream) could still be explained by the liberation of NO 2 from the residual N20 s (left even after using the faster reaction rate) moving out of polar night to sunlit latitudes. Since the peak of the measured HNO3 is at a lower altitude than that from the computed HNO3, this suggests that downward motion may be stronger in the high latitudes in the real atmosphere than in the model used in these computations or that there is a problem in our understanding of the HNO 3 photochemistry of the stratosphere.
CONCLUSIONS
We have shown that there is broad agreement in the upper stratosphere, within the uncertainties of the calculation, between LIMS NO 2 and HNO 3 and those computed from a two-dimensional model computation with several species fixed. However, localized differences in the upper stratosphere and northern latitudes in the winter indicate that the NO 2 is not well understood in these regions. There are differences in the other parts of the statosphere which indicate that there is another source of NOx in the lower stratosphere at low latitudes, a possible candidate being a NOx lightning source. The differences in HNO 3 between the measurements and the computations suggest that some chemistry transforming N205 to HNO 3 may be going on at high latitudes. There also is a discrepancy in that the calculated HNO 3 peak is at a higher altitude from that observed in the LIMS data.
